Prompt detection and identification of Haemophilus influenzae in blood cultures is of great importance in clinical microbiology. H. influenzae is the most frequent pediatric pathogen, and Haemophilus bacteremia is one of the most frequent causes of positive blood cultures in children 6 months to 5 years old (16, 17) . An increase in Haemophilus bacteremia in older children and adults has been reported (7, 10, 13) . At the same time H. influenzae is the microorganism that blood cultures most frequently fail to recover (3) .
The detection of microorganisms in blood cultures depends primarily on the production of turbidity by the multiplying bacteria or on a positive growth index reading when the BAC-TEC radiometric system is used. The current methods of growing H. influenzae in blood cultures are clearly not optimal. H. influenzae fails to produce turbidity after overnight incubation, and with low-density inocula, visual observation fails to detect the organism even after several days of incubation (4) . The BACTEC radiometric system also fails to register positive growth index readings by 24 h in a large percentage of blood cultures from pediatric patients with high-grade Haemophilus bacteremia (12) . Blind subcultures are, therefore, essential for the detection of H. influenzae, as these organisms are detected first only by subculture, never by macroscopic examination or Gram stain (4) .
Recently it has been reported that counterimmunoelectrophoresis is capable of detecting H. influenzae type b antigen in macroscopically negative blood cultures with fewer than 105 cells per ml of medium (2) .
In this communication, we report that the addition of hemin and NAD to simulated blood cultures enhances the growth rate of H. influenzae to such an extent that even small inocula produce visible turbidity after overnight incubation. MATERIALS It should be recalled that the rate of growth of bacteria on solid media is not optimal, because different parts of a colony differ in the oxygen availability from the air above the colony and in the availability of nutrients from the agar below (6) .
The highest rate of growth of H. influenzae was observed when the bacteria were growing in brain heart infusion broth supplemented with hemin and NAD. Under these conditions, a single cell gave rise to progeny of 3.3 x 107 cells in 15 h. This involved 25 generations and an MGT of 36 min (1.66 doublings per h).
Simulated blood cultures. Population curves of H. influenzae growing in simulated blood cultures with and without hemin and NAD are shown in Fig. 1 . The curves were plotted semilogarithmically to the base 2 of the number of cells. With this plot, each unit on the ordinate represents a doubling in population, so that a mere inspection of the curve permits one to determine the number of bacteria, the number of generations, and the generation time at any phase of growth.
In the absence of hemin and NAD, the cells entered a lag phase of 5-h duration immediately after incoulation. Thereafter, they began to divide. A decline in the growth rate was noted after 8 h, as evidenced by the change in slope.
The bacteria multiplied from the initial 28 ( In the absence of NAD and in the presence of hemin, the cells grew at the same rate as in unsupplemented cultures, never producing visible evidence of growth after 24 h of incubation. The addition of NAD without hemin to simulated blood cultures, on the other hand, allowed the bacteria to grow at a higher rate than in unsupplemented cultures and, in a number of instances, to produce faint turbidity after 24 h of incubation. Because of this variability, the effect of adding NAD alone is not shown in Fig. 1 .
We examined 100 negative blood cultures processed in the microbiology laboratory of the Methodist Hospital for their ability to support optimal growth rate of H. influenzae in the presence of hemin and NAD. All blood cultures consisted of two bottles; they had been incubated for 7 days with no visual evidence of growth and negative subcultures before being inoculated with H. influenzae at a concentration of 5 to 10 cells per ml. To one bottle, hemin and NAD were added, and both bottles were incubated overnight at 36°C and visually inspected for growth. All blood cultures with added hemin and Haemophilus bacteremia do not contain hemin or NAD, the assumption being that the patient's blood can serve as the sole source of the growth factors required by these bacteria. The availability of the growth factors for haemophilic bacteria, however, depends on the lysis of erythrocytes and the concomitant release of their intracellular contents of NAD and hemoglobin into the medium.
In other experiments, not detailed in this study, erythrocytes freshly inoculated into a culture medium did not lyse during the first few hours of incubation, and the amount of hemoglobin released into the medium after 24 h of incubation indicated lysis of less than 0.5% of the total erythrocytes present in the medium. It (11), i.e., about 2.5 ,ug/ml of culture medium containing 10% (vollvol) lysed blood.
The heme content in the above medium would amount to approximately 500 ,ug/ml (based on the value of 12 to 15 g of hemoglobin per 100 ml of whole blood).
To achieve a concentration of 0.05 to 0.2 ,ug of NAD and 3 to 10 Fxg of heme per ml of blood culture, 2 to 8% and 0.6 to 2% of the erythrocytes ought to lyse, respectively. With fewer than 0.5% erythrocytes lysing in 24 h, the concentration of growth factors released into the medium over this period of time should not exceed 0.012 ,ug of NAD and 2.5 ,ug of heme per ml. This concentration of NAD is far below that required for the optimal growth of H. influenzae. The actual concentration of NAD in the medium at any given time may be even lower than that calculated from the data on erythrocyte lysis, this being due to the presence in erythrocyte stroma of NAD glycohydrolase (NADase), which was reported to cause a decline in the NAD plus NADP content of human erythrocytes to about 20% of the original level after 7 days of incubation (14) . The concentration of heme, on the other hand, may approach, after 5 to 10 h of incubation, the lower limit of the H. influenzae requirement for this growth factor. Thus, in some blood cultures, H. influenzae may appear to have no hemin requirement and grow overnight to produce faint turbidity when only NAD had been added to the medium.
In conclusion, NAD and, in many instances, also heme are the limiting factors which determine the growth rate of haemophilic bacteria in (simulated) blood cultures.
The conclusions drawn from this investigation are based on conditions chosen to simulate clinical situations. A concerted effort should be made to evaluate the usefulness of blood culture media supplemented with NAD and hemin for the rapid detection of H. influenzae bacteremia.
